Many traffic simulation software packages are available to help traffic engineers and researchers study and evaluate the potential impact of proposed traffic management strategies and policies. However, existing tools require a significant investment in time for learning how to create models, perform calibrations and finally analyze the results.
INTRODUCTION
Traffic simulation tools have been widely used by transportation engineers and consultants to assist traffic managers and operators with the evaluation and analysis of the potential impact of design or control strategy changes. As an early example, Hourdakis and Michalopoulos [1] created a framework that allowed traffic operations personnel to try various strategies for managing a 'virtual' freeway incident. This was achieved by real time integration of traffic microsimulation software with a GUI (Graphical User Interface) front end. Their GUI displayed a 2D traffic map of the modeled freeway network (traffic volume is mapped to a color), variable message sign (VMS) I/O, and an interface to remote cameras (for live video feeds). The GUI and the traffic management strategies were formulated from rules written with a 'natural language' expert system programming language (http://www.gensym.com). Thus, they were able to evaluate how traffic operations personnel managed incidents while varying the content and UI (User Interface) presentation of the 'sensed' traffic data. The framework could also be 'switched' to use 'live' traffic instead of the simulated traffic (i.e., by collecting freeway loop detector data in real-time). These tools are however rather complex and have been developed for and used by researchers, and trained traffic engineers. Existing tools, usually only available in dedicated laboratories, require a significant investment in time for learning how to create models, perform calibrations and finally analyze the results. This substantial learning curve severely restricts their application and makes it difficult for engineering students, the general public and policy makers to take advantage of these tools.
The benefit of using simulation to train people who deal with matters of life and death (e.g. pilots) is clear.
However, many do not see the benefit of using simulation to teach material that has been taught using traditional methods in the classroom [2] . Yet, it is well understood that conveying complex concepts can be achieved by exploring them through simulation. Accordingly, in order to enhance the learning experience and understanding of intelligent transportation systems (ITS) by students and traffic engineers, we created a web-based traffic simulation module for an undergraduate transportation engineering course at the University of Minnesota. This web-based traffic simulation lab module was developed based on a microscopic traffic simulation package, AIMSUN (Advanced Interactive Microscopic Simulator for Urban and Non-urban Networks, http://www.aimsun.com) [3] . AIMSUN is embedded in GETRAM (Generic Environment for TRaffic Analysis and Modeling), a simulation environment inspired by modern trends in the design of graphical user interfaces adapted to traffic modeling requirements [3] . GETRAM comprises a traffic network graphical editor (TEDI), a network database, a module for storing results, and an Application Programming Interface (API) to allow interfacing to other simulation or assignment models. An additional library of DLL functions (GETRAM Extensions) enables the system to communicate with external applications [3, 8] . AIMSUN has been used successfully for numerous large-scale traffic modeling research projects within the lab [4, 5] and provides a well-documented API to access and modify all elements of the simulation state (signal control, sensing, vehicle characteristics and state) while the simulation is running. Of course, other simulation packages with similar capabilities can be integrated into our web-based traffic simulation framework. These include, CORSIM [6] 
OUR APPROACH
An initial study site of Washington Avenue SE on the Minneapolis campus of the University of Minnesota was chosen. The Public Works Department of the City of Minneapolis provided intersection signal timing and traffic flow data. Digital Orthorectified Quad aerial images (DOQs) were acquired from the Metropolitan Council (the MPO for the greater twin cities 7 county region) for network geometry layout. Scaling factors of the aerial images were calculated to reflect the corresponding scale in the simulation model. Network geometry was created using the graphical traffic editor (TEDI) that is integrated into the GETRAM environment [8] with the aerial images placed in the background. In addition to traffic network geometry modeling, a software interface was developed to access TRB 2006 Annual Meeting CD-ROM Paper revised from original submittal.
traffic simulation data through the GETRAM extension API (Application Program Interface) and store data to a central database (MySQL, http://www.mysql.com) server while the simulation is running. Java client/server applications were developed to handle data communication between the client computer, traffic simulators, web server and database server. Java has been widely used in web based application and web simulation. The Java technology provides an ideal platform for developing reliable, portable and scalable applications for web-based traffic simulations.
Traffic simulation
The vehicle data on a user's PC is updated and graphically displayed during every simulation step by sending queries to the web server. The web server processes and forwards the request to the database server and returns the requested data. Intersection signal timing information and time-space diagrams can also be displayed, as shown in width, location and heading data) can be logged and saved from the graphical user interface.
Interactive simulation model
In the initial phase, our web-based 2D traffic simulation module limited users to choosing only from a fixed set of pre-generated scenarios for their analysis. The student could not design new signal control strategies or traffic demand models for the network. We have since developed an "interactive" traffic simulation lab module that will allow on campus or distance-learning students to configure their own signal control strategies and traffic demand patterns-and see the results either in 'real-time' or in 'accelerated time' using the client web interface. As before, users can select, for example, a bus and watch it run its route through the network while monitoring the distance Users can use this feature to examine traffic conditions such as queue length or delay, more efficiently. Finally, simulation statistics, as shown in Figure 6 , can also be saved to the user's PC and transferred into a Microsoft Excel for later analysis.
Previously, students relied mainly on formula suggested in the Highway Capacity Manual [9] to calculate estimated cycle time, green splits, lost time, delays and make the necessary adjustments for left-turn movement. The design of a feasible signal timing plan is a complex and iterative process that is generally carried out with the assistance of computer software (for example, Highway Capacity Software, http://mctrans.ce.ufl.edu/hcs/). However, there was little or no verification or feedback on how well the design of the signal timing performs. The traffic simulation tool helped students visualize traffic parameters, such as lost time, gap acceptance, queue length and delay, and make adjustments to the signal timing plan as needed. We shall now present an example of a prototype module recently used for an undergraduate transportation engineering class of 73 students which addressed some of these issues.
Single intersection example
In a single intersection example, as shown in Figure 3 , the web interface allows users to specify traffic demands from each approach ( Figure 4 ) and design desired signal cycle time and green splits ( Figure 5 ).
In the lab module designed by the course teaching assistants, existing intersection traffic demand and turning movements were provided. Students were asked to develop a new signal timing plan. They needed to evaluate three alternative plans, each with different objectives: Students were also asked to develop a signal timing plan based on the traffic demand forecast (e.g. 5% increase for NB and SB directions, and 2% increase for the EB (East Bound) and WB (West Bound) directions over the next 5 years while the turning proportions remain the same) using the same performance index as described above.
Students were to investigate timing plan changes if the cycle length remained the same.
We collected feedback from students on the interactive web-based traffic simulation model. One of the comments was to display the statistics graphically on the web interface without the need for post analysis of data using a spreadsheet. We realized the need for a graphical interpretation and an explanation of the simulation results. We sec) where the maximum queue occurred in northbound traffic was plotted and overlaid with signal phases (see Figure 10 ) as an example to better understand the queue formation associated with the signal timing.
FUTURE WORK
We will continue to enhance the design to include larger road networks that allow one to consider a multiplicity of control strategies, for example, adding a bus signal priority module or a ramp-metering module. We currently continue to integrate the web-based traffic simulation with a 3D visualization interface. The visualization interface can render the simulation results in a virtual reality environment and provide real-time interactivity. Future enhancements for the 3D software will allow the user to program signal timing plans and select vehicle probes similar to the 2D applications.
In order to further enhance the user's ability to understand the traffic effects within the context of the infrastructure, we are currently exploring a 3D component to the simulation. Users can interactively view the simulation from any perspective-including from within or above a moving vehicle. The user can gain additional insights into the nature of the simulated traffic flow, such as shockwave propagation behavior [10] , car-following model [11] , driverroadside traffic information infrastructure, and context design and urban planning issues [TRB visualization in transportation, http://www.trbvis.org], [12, 13] . We first developed a 3D web-based traffic simulation for the Washington Ave corridor in Minneapolis, as shown in Figure 11 web page to communicate with each other through a browser plug-in. Unfortunately, we found that the VRML EAI interface scales poorly (memory and 3D rendering performance) as more vehicles were added to the network. We are therefore developing a standalone 3D web application based on OSG (OpenSceneGraph, http://www.OpenSceneGraph.org) and CommonC++ (http://www.cplusplus.org) that can interface with the webbased traffic simulation framework previously discussed.
We believe that the framework represents a novel, flexible approach to further engaging students and the general public in the transportation decision making and planning process. Our primary intention was to use our framework to allow individuals to internalize important concepts in traffic engineering and ITS issues in their mind's eye in an efficient and scalable manner. Note that similar approaches are now available for other more generalized numerical simulation software (www.mathworks.com) [14] . However, one interesting issue arises from a software licensing standpoint. Essentially, we have created an interface for our site that automates the process of running the software for a desired set of conditions specified by another person and to then send back the results. The software is run under our authority at our site on our behalf for a person whom we have knowledge of the request. Certainly, a less automated interface would be for that same person to use e-mail communication in order to request the input and outputs to the model for a given scenario. Further discussion is needed on how traffic simulation software, can best be integrated to emerging pedagogical distance e-learning approaches. For example, we wish to integrate actual state-of-the-art sensing and signal control hardware into our framework. Other facilities and laboratories have done this [15, 16] , although our framework will allow individuals to learn and 'experience' these technologies from any location having Internet access.
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